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1. Criticsl I)ynami c Crack  Length 

Tbfo i r  the propoarrd forxml3.a which states that there is a stress 
level below vhzch 8 crack of a given rizc W i l l  not propagate. 

2. Cmck Prapyg tioar 

This is the general crack propagation fonrmla for multiple alter- 
nating stresses v l t h  superimposed atcady streas and including the 
rtress-interaction function #. 
later. This frrrparla reducer to 

Thio f'unction will be di6cu88ed 

0 

ibr multiple alternating rtrasree with mean stress equal to zero. 
For Q ri143le alternating 6treas the formula reduce6 to 

3.  The Cumulative Fatigue Damage Formula, derived from the above 
formulas is: 



a 
0 

P # 

,'* . 

ID flrnction of m e a n  stress (as affectin crack 
propagstion or critical crack length f i(%) , 

l a  

4 3  

R = cracklength 

I i n i t i a l  crack length 

P critical dynamic crack length 

'I I 

= critical Sength of crack for etatic failure 
at the reference (highest,) stress in the 
spectrum 

* 
a alternating stress value In the spectrum 

P mean or steady streas . ' m  
sr P reference alternating stress level 

la, I number of cycles at si 

Nr .I number of cycles to failure at the referenqc 
stress level 

D = damage (defined by formula) 

= stress-interaction function 

P material constants defined in the various 

C 9 
8, k, CT,. c 

fozmulas 

The purpose of work being perforned imder this contract is to evaluate the 
parmeters in the above f o w l a s  for one material and to devclop tile testing 
teckniqces req:Jired t.0 ob ta in  cor rs tmts  f o r  cmy miterial. The Yo1 !ow: 2~ 
&I..... C A L l e e  t e s t s  m5 i U  be -A: 
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Phase f 
I 

Purpose: To VcriQ the hypothesis of the exIetenag.oO a c r i t i c a l  dynanic 
crack length. 

Progx-81~: Cracka Will be produced i n  specimens which have 8 hole drilled 
i n  the  center of the test area. Specimens will be loadad to 
a atrers well above the  endurance limit and run un t i l  cracks 
of t he  desired length are produced. 
fall into three length groups. 
Visually examining the  specimens while the mschine i a  stopped. 

Specimens wil l  be run a t  a stress level (mean plus a l ternat ing)  
below the  level at which the cracks w i l l  Dropagate. A speci-  
men will be exemined a t  lo7 cycles to determine whether pro- 
grereion has occurrecl, then the  stresr level  all be raised 
by sate predetermined mount, another 107 cycles will be run, 
and the crack8 re-examined. 
u n t i l  progrers+on occurs. 
three crack le&ths w i l l  be t e s t ed - to  evaluate the  c r i t i c a l  
cmck length formula for  that mean stress. 

Crack sizes used would 
Crack6 vi11 be measured by 

These steps w i l l  be continued 
Three specimens of each of the 

This t e a t  wlllbe repeated fo r  two additional mean stresses. 

Specimens Required: 3 epecimens x 3 crock lengths x 3 mean stresses = 
27 

Phase XI 

Purposa: 

Progreor: 

To evaluate the papmcters i n  the crack propagation formula 
f o r  8 siwe al ternat ing stress. 

Cracks of two lengths w i l l  be generated as i n  Phase I above. 

Spechens will be run a t  a mean and al ternat ing stress such 
t ha t  p r o w t i o n  of the crack w i l l  occur. 
be cptinuously measured so t ha t  propagation rates can be 
obtdined. 
at  each of three al ternat ing stresses a t  t h a t  mean stress. 

Crack length will 

Three specimens of two crack lengths w i l l  be run 

This test will be repeated fo r  two additional mean stresses. 

Specimens Required: 3 specimens x 2 crack len&ths  x 3 alt. stress x 3 
mean stress = 54. 



. 

Phaae 111 

Aupoae: To evaluate the bypothesi~s that the growth of e cnck in a 

ammation of the gzwtha &e to the iadividurl 
to VWIQ the hypotheria of a atrera interaction 

in&aation of I t s  nature. Qls objective of tMs =search l o  
to obfain a quantitative and qualitative evaluation of this 
mction. 

Crack6 of tVa lengths w i l l  bo g ~ n m d l  ea In Pham I above. 

From Phase 11 part of an SI? CUFM for each crack length at 

length will be run at one aean rtrosr at an alternating atrean 
near the lov end of the 829 curve for that crack 1- and 

percentage of the life expcted at that atrem level. Tha teat  
w i l l  bk &om and the alternating streer Increased to a 
higher lml. The speclinen w i l l  th8n be run for a predetcsmuined 
percentage of the l i fe  expected at the new atemating rtresr 
level. Stresees rill be increased and cycler run until fall- 
ure of the spechen occura. 

Spec- SubJWbd fo a W C t M  18 SqudL .to th, 

The exact nature of this ftanct&?r-is unknuvn 
-tal PrO- C a n h C t d i  b -8 (u1 

Program: 

B(Lch RWUl Stmas W i l l  be obtktndl. 8 p S C b W l 8  Of one c m k  
' 

m4M S%m86. The BpoCirmaD W i l l  be XWl for 8 

Repemt the above te8t except starc 8-t highest strear and step 
down and then run the ten t  with alternating strerrscs in rem- 
dom orhere. 

The crack lengths will be monitored 86 required to determine 
interaction effects. 

DISCUSSON . 
Crack Generation 

Crack6 were generated in 10 spechens by loading them in the Sonntag 
tixtiiii ZZciiiiie ai a steady stress of 50,W pai  and an aiternating 
stress of t j O , W  psi. Attempts to  generate cracks in a reasonable 
length of time at stresses appreciably lower than this were not mcces& 
fil. It i s  believed that this stress is below the smooth endurance 
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l i m i t  for  t h i s  material; therefore, the condition of the metal at the  
t i p  of the crack should be no more cold worked or  stressed than would 
be the case for  a crack &-loped i n  a smooth par t  i n  service. 

The length of cracks generated in the ten qecirhens is tabulated in 
lWLa I along with the width, thickness, Srna arda of the specimens. 

6 Alm tabulated e m  the hole site and th& approximate number of cycles 
required,to generete the crcrck. The test machine had t o  be stopped 
88Vmral times duriw crack generation i n  order to monitor the crack 
length, therefore, the number of cycles could only be estimated becauee 
thm m t e r  on the Sonntag test naachine measures the ,  and an appreciable 
amount of time is usad in bringing the  machine up t o  speed. This e f fec t  
I 8  m&igible for runs of rrcveral thoueends of cycles, but for the short 
mns ueed i n  the later stages of generating these cracks, the error is 
appreciable. Variations i n  hole size  and i n  the edge condition of the 
holes accounts for  the variations in number of cycles required t o  
generate cracks of approxlmttely the BBBC length. 

* 

It v11 poosible to contrpl the length of the cracks r i t h  reaeonable 
precirioa. 
the rdlan length was .0923, the ehortmst length .OgU and the longest 
length w a ~  .0?63. 
could probably be held closer than this, but such precision is not 
regarded as neceaeary. 

For the nine specimens ueed to  generate t he  longest cracks, 

~ h i a  is an erroroaf less than 254. crack lengths 

glMciplan prvpara t l on  
i 

The iirst rspccinen received hud the orfginal surface f i n i s h  of the 
titanium eheet. 
of the crsck wlth thfs eurface flnfeh. 
speciabns were buffed to CL high f inish before hole d r i l l i ng .  
opec$men drawing has bean changes ta s p e c i ~  a polished surface i n  the 

It w a s  fomd impossible to  accurately locate the end 
Therefore, the next nine 

The 

t e s t  are;;. 

Bole d r i l l i n g  on the ten specimens received t o  date vas Qne by the 
electric discharge method. As can be men i n  Table I t h e  sizes of 
holes varied from ,0064" i n  diameter t o  .015". 
satief'actory for the large sized cracks generated on these specinens, 
but would not be good enough to produce cracks of .010" i n  length as 
is required t o  test the effects  of very small cracks. Samples of the 
s h e e t m t e r l a l  were sent to  a vendor who mechanically drilled a hole 
.005" in diameter. 
cold Worked at the surface that a crack will not start at t he  hole. It 
i 8  planned t o  drill only 10 specimens by this nethod t o  make cer tain 
tha t  the holes will s t a r t  cracks. 
the tiimiium sheet by t i e  e lec t ron  beam meiiiuu, but ;his W ~ S  ilrjt 

accompl~ished. If' the dr i l led  hole is satisfactory, all holes w i l l  be 
made by t h i s  nethod. If not, the holes w i l l  be =de by tLe electrical 
discharge nethod and the smaller holes prochced will be used t o  generate 
the smaller cracks. 

These holes were 

Thie hole will be sat isfactory if it is not so 

A t t a p t s  were =de to get a Lcle in 

c 
L .- -..a &,, , *", , ,l , ._j. 
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Grip Derign 

M n g  ear4 terting, a failure of one grip took plaap. 
rtastsd In one of the serrations of the grip beyond the point where 
the opcwiousa wns e3assped. 
last tur, serrations and the area YBB sbtpeened. These reumlced grips 
oror+d rrtlsfactory during t e s t ing  at low ot re~s  levels, but  when 
sbrersar were higher and a large number of cycles were accumulated, 
fWXwr of the rsworked grip8 took place. For this reamn, the pi$*- 
MI reUarmed 210 that the volume of metal subjected to Jmxling s t r e e m  
during tosting vas doubled. Theam redesigned grips are now i n  procure- 
aasrrt. 

Clutch Optm artion - 5c.nntag Test Machine 

In ordsr t o  prevent overload on spccimsns due t o  excessive acceleration 
of the rotating eccentric on starting, the Sonntag test machine is 
@qui* vlth a, Friction clutch which i's adjusted to  rl lp so that the  
eccontrlc rarchse sy~~cronous speed 9 t o  12 seconds after starting the 
brim rotor. !Rae clutch is not k, slip during operation at  eyncronous 

early t es t ing  under this contract It waa ob- that 
one of the clutches was chattering during operation. 
that the cbtah was alipplng momentarily and then grabbing again. It 
l e  believed that when the clutch grabbed after slipping, the eccentric 
would asaPnntarily be accelerated causing an unknown overload on the 
spclcinm for a brief period of tlme. When this condition w88 observed, 
a new clutch wae obtained and one clutch was reworked. 
c lutch worked for a time, but t h a t  one the;: developed noticeable chatter. 
Another new clutch has been obtained and spam parts are i n  procuranent 
10 that any W h e r  clutch fsilurer cm be corrected inarediately. 

Failure 

These p i p a  were reworked b remove the 

This indicated 

The zkworked 

C 

Phase I Testing 
w 

Results of teatlng are tabulated i n  'Pable 11. 
loQd only two epecimens went to failure because of gr ip  failures. 
Coasparing these two, the  specimen (P5) with 8 crack .0353" long failed 

.Ogl5" long. 
chattering of the clutch during t aa t ing  of t h e  specimen with the  
shorter crack. 
shown i n  Table 11. 

Under pure Blternating 

. at only u slightly higher stress than the  specimen (C-1) with a crack 
This is believed due t o  %he fact Wlat there was known 

This could r e s u l t  in a stress higher than the k33,OOO psi  

The alternatfng stress of '32,OOO pei which fa i l ed  epecfrnen C - 1  nay 
also be in error. 
was no chat ter  evident t o  the ear dur ing  this run. 
sp cimen (5-3) wlth a crack of approx.tmtely the m e  length s r v i ~ e d  

The c l u t c ? ~  used for this teat wae reworked ard tiiere 
However, another  

10 f i  cycles Kith alternating stresses of +32,000 pel ,  +31,ocx) psi  and 



PAOL WUMBKR 7 
REPORT NUMBER Interim - 2 CURTIS. WRIOHT 

DATE 

RIVIWCD 

3.254 x lo6 cycles a t  a stress of *:36,000 psi  before a grip failure 
stopped the test. This 
indicates  either that specimen C-1 was overloaded by the  reworked 
clutch or there is coneiderably more sca t t e r  i n  the fatigue strength 
of cracked specimens than was anticipated at the  start of the  program. 
Continued testing w i l l  establish the amount of sca t t e r  t o  be expected 
8nd will thus check the mlidity of the r e s u l t s  obtalned on tpcimen 
c-1. 

This specimen was run with a new clutch. 

Selection of a mean stress was first made by estimating the modified 
Goodman diagrem by drawing a l i n e  between *36,000 psi al ternat ing 
stress on one axis and t h e  t ens i l e  strength of the material on the 
other axis.  
could be used wlth en alternating stress s l igh t ly  over f20,000 p s i .  
However, when a specimtn was tested at 50,000 psi mean and *18,000 p s i  
a l t sms t ing ,  it f8iled after 16,000 cycles. 
the same mean stress and an al ternat ing stress of *12,000 ps i  fa i led  
after 36,000 cycler. . 
A t  f'lrst it wa8 thought tha t  a bad clutch might be causing these early 
failures, but  published data on other titanium alloys indicated that 
t h e  stresses might be too high. 
r t  08 of b , O O O  psi, notched titanium alloy specimens would survive 

specimen was tested a t  a mean stress of 40,000 pel with an al ternat ing 
stress of *6,OOO psi. 
specimen was tested with the 40,000 p s i  mean e t rees  a t  alternating 
stresses of 22,000 and 53,000 psi. 
at each alternating stress and is currently under test at  an al ternat ing 
stress of *4,000 psi. 
beon performed with a new clutch. 

This diagram indicated that a mean stress of 50,OOO ps i  

Another specimen tested at 

This d a t a  indicated that at  a mean 

10 ;Fi" cycles a t  an alternating stress of *10,000 pei . Therefore, a 

Failure took place after 316,000 cycles. Another 

The speclnen survived 107 cy- l e s  

Tests a t  the  40,OOo psi  mean stress have all 

' Photographic Method of Measuring Crack PropaFfation 
* For Phase I1 t es t ing  crack propagation all be measured photograph- 

ically. 
been ordered. 
graphed a t  regular intervals during the l i f e  of a specimen. 
device will open the  shutter of the camera. 
a re lay i n  the w e r a  w i l l  close. This relay will be in series with a 
switch operated by the  drive shaft of the Sonntag t e s t  schine. 
w i t c h  can be timed t o  a specific location of the drive shaft and will 
close once every cycle of the  mschine. 
switch and the r e l a y  on t h e  camera will f i r e  an e l e c t r o n i c  flash gun 
t he reby  exposing the  f i lm  i n  t h e  canera. 
shutter of the  camera which dll then automatically advance the f L l n  
for t h e  next exposure. 
1-1/2 seconds. 

For t h i s  pu$osc, a 7Omm Beattie Coleman sequence camera has 
A timer has been procured 80 that cracks can be photo- 

The timing 
When the shutter is opened, 

T h i ~  

Current going through the 

The timer rl11 close t h e  

The timer will hold the s h d t t e r  open for aboilt 
During t h i s  t ine ,  there will be about 45 cloaings of t h e  



z e 

. 

switch on the drlve shaft of the Sonntag aschine. Boysrcrr, the m- 
cycling time of the electmnic fleah gun w i l l  be In the neigbborbood of 
10 mc&; therefore, only one flash of U@t will occur W n g  each 
opening of the Shutter. . 

., ,. \:e. .+_. 
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